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Image distance vs object distance 
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The First Generalized Speckle-Noise Pattern Reduction Method 
Of The Present Invention 

Prior to illumination of the target with the planar laser illumination beam 
(PLIB), modulate the spatial phase of the transmitted PLIB along the planar 
extent thereof according to a spatial phase modulation function (SPMF) so as 
to modulate the phase along the wavefront of the transmitted PLIB and 
produce numerous substantially different time-varying speckle-noise 
patterns at the image detection array of the IFD Subsystem during the photo 
integration time period thereof. 



Temporally average the numerous substantially different time-varying 
speckle-noise patterns produced at the image detection array in the IFD 
Subsystem during the photo-integration time period thereof, so as to thereby 
reduce the power of the speckle-noise pattern observed at the image 
detection array. 
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The Second Generalized Speckle-Noise Pattern Reduction Method 
Of The Present Invention 



/ — r ■ — ■ ' — " " 

Prior to illumination of the target with the planar laser illumination beam 

(PLIB), modulate the temporal intensity of the transmitted PLIB along the 
planar extent thereof according to a temporal intensity modulation function 
(TIMF) so as to modulate the phase along the wavefront of the transmitted 
PLIB and produce numerous substantially different time-varying speckle- 
noise patterns at the image detection array of the IFD Subsystem during the 
photo-integration time period thereof. 
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Temporally average the numerous substantially different time-varying 
speckle-noise patterns produced at the image detection array in the IFD 
Subsystem during the photo-integration time period thereof, so as to thereby 
reduce power of the speckle-noise pattern observed at the image detection 
array. 
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The Third Generalized Speckle-Noise Pattern Reduction Method 
Of The Present Invention 



Prior to illumination of the target with the planar laser illumination beam 
(PLIB), modulate the spatial intensity of the transmitted PLIB along the 
planar extent thereof according to a spatial intensity modulation function 
(SIMF) so as to modulate the phase along the wavefront of the transmitted 
PLIB and produce numerous substantially different time-varying speckle- 
noise patterns at the image detection array of the IFD Subsystem during the 
photo-integration time period thereof* 

Temporally average the numerous substantially different time-varying 
speckle-noise patterns produced at the image detection array in the IFD 
Subsystem during the photo-integration time period thereof, so as to thereby 
reduce power of the speckle-noise pattern observed at the image detection 
array. 




The jWj^Generalized Speckle-Noise Pattern Reduction Method 
Of The Present Invention 



After illumination of the target with the planar laser illumination beam 
(PLIB), modulate the spatial intensity of the reflected/scattered (Le. received) 
PLIB along the planar extent thereof according to a spatial intensity 
modulation function (SIMF) so as to modulate the phase along the wavefront J 
of the received PLIB and produce numerous substantially different time- 
varying speckle-noise patterns at the image detection array of the IFD 
Subsystem during the photo-integration time period thereof* 



\ Temporally average the many substantially different time-varying speckle- 
noise patterns produced at the image detection array in the IFD Subsystem 
during the photo-integration time period thereof, so as to thereby reduce the 
speckle-noise pattern observed at the image detection array* 
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fjjt fi^fk Generalized Speckle-Noise Pattern Reduction Method 
Of The Present Invention 



After illumination of the target with the planar laser illumination beam 
(PLIB), modulate th^ temporal intensity of the reflected/scattered (i.e. 
received) PLIB along the planar extent thereof according to a temporal 
v intensity modulation function (TIMF) so as to modulate the phase along the 
wavefront of the received PLIB and produce many substantially different 
time-varying speckle-noise patterns at the image detection array of the IFD 
Subsystem during the photo-integration time period thereof. 



Temporally average the many substantially different time-varying speckle- 
noise patterns produced at the image detection array in the IFD Subsystem 
during the photo-integration time period thereof, so as to thereby reduce the 
speckle-noise pattern observed at the image detection array. 
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Pixel power density vs, object distance (general example) 
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Center line power density vs. object distance (far obje ct distance focus) 
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PLLIM-BASED PACKAGE IDENTIFICATION AND 
DIMENSIONING (PID) SYSTEM 



LDIP Package 
Dimensioner with 
Integrated Package 
Velocity Detection 



#1 



Image Processing Computer 
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Auto-Focus/Auto-Zbom 
Digital Camera 
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Camera Control Computer 
Subsystem 

(Figs. 24A,24B, 25,26, 27, 
28, 29) 



Package 
Velocity 
► 



Real-Time Package Height 
Profiling and Edge- 
Detection Processing 
Module 

(Figs. 21, 22, 23) 
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LDD? Subsystem (122) 



FIG. 14 



LDIP REAL-TIME PACKAGE HEIGHT PROFILE AND 
EDGE DETECTION METHOD 



A — Raw data is received every 5ms; plus time stamp 



B — 



C — 



H — 



Convert raw data into range profile 
R=f(int. phase] , referenced with respect to Polar 
Coordinate System symbolically embedded in 
LDIP Subsystem. 



Use Geometric transformations 

h[i] - R[i]sin(ang - 90) and 

x[i] - R[i]tan(ang - 90) to convert range profile 

R[i] into height h[i] and position x[i] data. 



Obtain current package height by finding 
prevailing height using edge detection without 
filtering (Fig, 16). 



Find the coordinates of the left and right edges of 
package (LPE, RPE) by searching for the closest 
coordinates from the edges of the belt (X a , X b ) 
toward the center thereof. 



Analyze intensity data values (R(nt)} and 
determine the X coordinate position range X AV 

(in R global) where the height intensity 
changes (i) within the spatial bounds (X LPE > X RPE ) 
and (ii) beyond predetermined height intensity 
data thresholds. 



Create time-stamped data set {Xl PE , h, X RPE , V B , 
nT} by assembling package left-edge coordinate 
(LPE), current package height (h), package right 
edge coordinate (RPE), X coordinate subrange 
where height values exhibit maximum intensity 
changes, package velocity (V B ), and time stamp 
(nT). 
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Send hextuple da 


ta set to camera control 


computer. 





LDIP Package Dimensioner with Integrated Velocity 
Detection 



Real-Time Package 
Height Profiling and 
Edge Detection 
Processing Module 

95° 



belt velocity 



Fig. 15 




LDIP Real Time Package Edge Detection 




Exit 



Xa - location of belt left edge; Xb = location of belt ngbt edge 
la « belt edge edge pixel; lb ^belt right edge pixel 
LPE = Left package edge; RPE = Right package edge 
HQ « Pixel height array; XQ = Pixel location array 
win - package detection window 
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LDIP Subsystem (122) 
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-Polar Coordinate System 
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Coordinate 
System 



Fig. 17 
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INFORMATION MEASURED AT SCAN ANGLES BEFORE 
COORDINATE TRANSFORMS 
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Fig. 17A 



RANGE AND POLAR ANGLE MEASURES TAKEN AT SCAN 
ANGLE a BEFORE COORDINATE TRANSFORMS 
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Fig. 17B 



MEASURED PACKAGE HEIGHT AND POSITION VALUES 
AFTER COORDINATE TRANSFORMS 

H[ ] 

Input height after 
coordinate transforms 



(x,y) 



a2 



(x,y) a=i 



(x,y) 



192 



x(o^) 

height value yfctj) and 
position value x(0Cj) 
measured at left belt edge 



Fig. 17C 



CAMERA CONTROL PROCESS CARRIED OUT WITHIN THE 
CAMERA CONTROL SUBSYSTEM OF EACH OBJECT ATTRIBUTE ACQUISITION 

AND ANALYSIS SYSTEM ^/ 

Start 



5 



A- 



B — 



Camera Control Computer receives a time-stamped quintuple Data Set (i.e. coordinate of Left 
Package Edge, coordinate of Right Package Edge, height, velocity, and time-stamp) from the LDIP 
Subsystem and store the Data Set in a Package Data Buffer Structure having N=5 columns and M 



Camera Control Computer analyzes height data in the Package Data Buffer and detect the occurrence 
of detecting height discontinuities, and based on such detected height discontinuities, determines the 
corresponding coordinate position of the leading package edges specified by left-most and right-most 
coordinate values associated with the data set at this detected height discontinuity. 



© 



Camera Control Computer determines the height of the package associated with the 
leading package edges determined at Block B above. 



Camera Control Computer 
transforms the position of left and 
right package edge (LPE, RPE) 
coordinates buffered in the 
deepest row of the Data Package 
Buffer at which the height value 
was deteraiined at Block D to a 
Global Coordinate Reference 
System symbolically embedded in 
the conveyor belt structure 
beneath the LDIP Subsystem, as 
shown in Fig. 17. 




D 
\ 

Camera Control 
Computer analyzes the 
height values (i.e. 
coordinates) computed 
over previous raw data 
set processing cycles, 
and stored in the 
Package Data Buffer, 
and determines the 
"median" height of 
package. 
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Camera Control Computer 
analyzes height value in the 
Package Data Buffer, and 
determines the speed of 
package (V b (t)). 
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Fig. 18A 
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Camera Control Computer detects the x- 
coordinates of the package boundaries based 
on the spatially-transformed coordinate 
values of the left and right package edges 
(LPE, RPE) buffered in the Package Data 
Buffer. 
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The Camera Control Computer uses the computed 
values of median package height, speed and the Photo- 
Integration Time Lookup Table in Fig. 23 to determine 
the photo-integration time parameter which will ensure 
that "square" image pixels are produced in carXured 
package images (i.e. pixels having a 1:1 aspect ratio.) 



Yes 



Based on x-coordinates of the detected package 
boundaries (and optionally, the subrange of x- 
coordinates over which maximum range 
"intensity" data variations have been detected by 
the lens data of Fig. 15) determined at Block O, the 
Camera Control Computer determines the 
corresponding pixel indices (i, j) in the Image 
Buffer which specify the image frame(i.e. region of 
interest) to be cropped from the image(s) to be 
subsequently captured by the IFD Subsystem. 



Camera Control Computer uses Focus/Zoom 
Lookup Table in Fig. 21 to determine the focus and 
zoom lens group positions based on the height of 
the package determined at Block D. 



Camera Control Computer transmits Lens Group 
Moves Commands to the IFD Subsystem. 
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The Camera Control Computer sends digital photo- 
integration time control signal to the CCD image 
detection array in the IFD Subsystem. 



IFD Subsystem uses the Lens Group Movement 
Commands to move the lens groups to their 
desired positions. 



Camera Control Computer checks resulting 
positions of moved lens groups. 



Camera Control Computer corrects lens group 
positions. 




Camera Control Computer uses package time-stamp 
(nT) and package velocity (V^ to determine the "Start 
Time" of Image Frame Capture (STIC). 



Camera Control Computer uses (i) the Start Time of 
Image Capture (STIC) determined at Block Q, to 
generate a command for starting Image Frame 
Capture, and also uses (ii) the pixel indices (ij.) 
determined at Block P to generate commands for 
cropping the corresponding slice of the "region of 
interest" in the image being captured and buffered in 
the Image Buffer within the IFD Subsystem. 
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Camera Control Computer transmits the command 
generated at Block R to the IFD Subsystem. 
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Fig. 18B 
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x coordinate subrange where maximum 
range "intensity" variations have been 
detected 
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Package Data Buffer (FIFO) 



Row 1 
Row 2 
Row 3 
Row 4 
Row 5 

RowM 



Fig, |<* 



Columns 



Rows 



Camera Pixel Data Buffer 
pixel indices (ij,) 



Fig. 20 
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Camera Field of View 



DimensioneiField of View 
Righf P^D UA^f 




Remote Diagnostics 
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Parcel Start/Stop 

Left Edge, Right Edge, Height every 10 ms 

1^ Camera Data, 

80 MBytes /sec 



Camera Data, 
80 MBytes /sec 
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Camera Data, 
80 MBytes/sec 



Encoder 
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Camera Data, 
80 MBytes /sec 
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Remote Diagnostics 



Dimensioner 



\1P, 



Control 
"^[Ethernet 
Hub 




5* 



Camera 




7^ 



Camera 




Camera 



5 



Top (Master) 
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Left 
CtQCamtf* 



Right 



Bottom 



Parcel ID, Parcel Start/Stop 

Left Edge, Right Edge, Height every 10 ms 



Data 
Ethernet 
Switch 



Encoder 



Barcode Data, 

4 x 1 kBytes 
Binarized Image Dat4, 

4x 100 IcBytes 




For each package transported through tunnel system, master unit (with package dimensioning 
subsystem and velocity detection subsystem) generates package height, width, length and 
velocity data {H,W,L,V} G , referenced with respect to global coordinate reference system 
^global* and transmits such package dimension data to each slave unit downstream, using the 
system* s data communications network. 



Each slave unit receives the transmitted package height, width and length data {H,WJL,V} G 
and converts this coordinate information into the slave unit's local coordinate reference system 



The camera control computer in each slave unit uses the converted package height, width, 
length data {H,W,L}. and package velocity data to generate camera control signals for driving 
the camera subsystem in the slave unit to zoom and focus in on the transported package as it 
moves by the slave unit, while ensuring that captured images having substantially constant 
O.RL Resolution and 1:1 aspect ratio. 




FIG. 32A 




Each slave unit captures images acquired by its intelligently controlled camera subsystem, 
buffers the same, and processes the images to decode barcode symbol identifiers represented 
in said images, and/or to perform optical character recognition (OCR) thereupon. 



D 



The slave unit which decodes a bar code symbol in a processed image automatically transmits 
a package identification data element (containing symbol character data representative of the 
decoded bar code symbol) to the master unit (or other designated system control unit 
employing data element management functionalities) for package data element processing. 
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Master unit time-stamps received package identification data element, places said data 
element in a data queue, and processes package identification data elements and time-stamped 
package dimension data elements in said queue to link each package identification data 
element with one said corresponding package dimension data element. 



FIG. 32B 
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